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A COMPILATION OF EXPERlMENTAL I%UlTER lXFORMA!TIOM 

By H. 3. Cunningham  and Hixvey H. Brown 

Some  salient  results of much of the postwar experimental  research 
in the  United  States  on  the  flutter of siqlified w i n g  and "aileron 
models  are  campiled and references  to  the  sources  are  given.  Results of 
investigations by and  for  the  National  Advisory  Committee for Aeronautics, 
the U. S. A i r  Force,  the  Department  of  the  Navy,  and  the  Massachusetts 
Institute  of  Technology m e  included.  The  tabulated  material  is grouped 
as follows : (1) wings withou6  concentrated  weights, 2) wFngs with  con- 
centrated  weights,  simulated  engines,  or  fuel tanks, I 3)  delta and t r f -  
angular wings, and (4) wings with  control  surfaces. Plots are  included 
to  show  experimental  coverage of ranges  of  aspect  'ratio,  Mach  nurriber, and 
sweep  angle  for  flexure-torsion  flutter  of simply constructed  models. 

INTRODUCTION 

Flutter by its  very  nature  is an exceedingly comglex phenomenon, 
combining aerodynamic, structural, an$ inertial  effects. In spite of 
commendable  efforts in the  theoretical field, this  complexity has often 
forced a reliance on experimental  methods,  with  the  result  that  there 
now exists a considerable  quantity  of  experimental  flutter infoption. 

form three  prFmary  functions  for  the  flutter  analyst in industry add in 
research.  These  functions  are: (1) to provide an index m c h  should 
help  the  analyst to locate  specific  cases of interest, (2) to show w h a t  
ranges  of  configurations  and  speeds have been  covered in past  tests so 
that  duplication  in  future  research would be avoided, and (3) to show 
where  there  is a lack of information on configuratfons of current 
interest, and thus to serve  as a guide to future  research. 

A compilation of this  experhental  flutter  information would  per- 

The  present  conqilation  is limited in its scope to postwar reeeamh 
(with a few  exceptions)  done  in  the United. States by and for 
Advisory Committee  for Aeronautics, the U. S, A i r  Force, the 
of the Navy, and the Massachusetts Institute of Technology, 

the  National 
Department 
This research 



has been  done  with  finite-span  simplified  models (no two-dimensional 
models or complete airpkes are  included).  Not  included  are  tests 
related  to stall flutter,  contpol-surface  buzz  flutter,  propeller-blade 
and  helicopter-blade  flutter, and the  flutter of metal  coverings. A 
small bibliography  relating  to  these  types of flutter  is  provided  herein. 
Even though the  present  compilation  is  not  exhaustive,  the  information 
included  should  be  useful and can  possibly  be a basis for a mre compre- 
hensive and detailed survey. 

The  material has been grouped into tables  in  the  following  order: 

Table I presents  data for wings  without  concentrated  weights 

Table I1 presents  data  for  wings with concentrated  weights, sirnu- 
lated  engines,  or  fuel tanks 

Table 111 presents  data  for  delta  and  triangular wings 

Table IV presents  data  for wings with  control  surfaces 

Each of these  tables is further  subdivided to indicate  the  organization 
performing  or  sponsoripg  the  tests  as follows: 

(a) NACA 

(b ) Wright  Air  Development  Center of the U. S. Air  Force 

(c)  Bureau of Aeronautics,  Department of the Navy 

(a) Massachusetts  Institute of Technology 
It 'was impracticable to include all parameters  for  every  experiment 

in me' present  compilation..  The  -items  presented,  however,..  include  some 
primary geometric  and  elastic  parameters,  some  flutter  test  results,  and 
an  indication of the  source  or  reference  &ere  more  detailed  information 
can  be  found  for  each  specific  experiment.  The  information  compiled was 
obtained from references 1 to 44 and f r o m  unpublished  tests. 

I 

The  items  in the tables  are arranged according  to  increasing  sweep 
angle;  these  angles.  appear as subheadings  within  tables I, 11, and IV. 
For any one  sweep  angle  the  arrangement is according to increasing  aspect 
ratio.  Since so naany of the  tests  were of =tapered  models  of uniform 
section,  mention of any taper  ratio  other  than 1.0 is  confined  to  the 
"Remarks"  column. In the  column of Mach  number  there w e  included  the 
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maximmu Mach nurtiber of a few w i n g  models on rockets o r  bonibs which did 
not f lu t t e r ,  even though such resul ts  are, i n  a sense, negative. The 
notation (=x., no f l u t t e r )  appears  beside  such  quantities. For con- 
venience the  references  are  indicated in the  tables by reference num- 
bers, and the  reference  section is  arranged i n  chronological  order  for 
each organization. Also for  convenience, the tes t   fac i l i t i es   a re   ind i -  
cated in  the tables by code letters, which refer to a separate   l is t ing 
in  the  "Facil i t ies and Techniques" section. 

In order to show the coverage of aspect  ratio and Wch nwiber for  
flexure-torsion  f lutter of simply constructed models, figure 1 i s  pre- 
sented,  based on the material of tables I t o  III, and is divided i n t o  
four  parts  according t o  angle of sweepback: figure l (a)  is  f o r  sweep- 
back of Oo, l ( b  ) i s  for  sweepback of 150 t o  350, 1 (c ) is for  sweepback 
of 450, and 1 (a) is for  sweepback of 52.50 to 600. The nmiber of tests 
of one wing or  a related series of wings of constant  aspect  ratio over 
a range of Mach  number is given.  Similarly,  for M = 1.3, the n M e r  of 
tests of w i n g s  which are of one type  but v a r y  in  aspect r a t i o  are given. 

The terminology which follows is presented to assis t   in   the  inter-  
pretation of column heading8 and the "Remarks"  column in the tables. 

Area, w-ing - The projected plan-form area,  including  intercepted 
area i n  a f'uselage, i f  present. 

Aspect ra t io  - The r a t i o  of the square of the span t o  the area. 
For  semispan models the area is twice the pro3ected  plan-form  area and 
the span i s  twice  the semispan. 

Delta wing - A wing having a plan form similEtr t o  the Greek let- 
ter A, with  the  point  foremost and the t r a i l i ng  edge unswept. For the 
wind-tunnel tests reported  herein,  the wing is  a half-delta, clamped 
along the l i n e  of maximsun chord. 

Frequency ra t io  m/% - The r a t i o  of frequency of the  lowest  fre- 
quency vibration which i s  primarily bending t o  the  frequency of the low- 
e s t  frequency  vibration which is primarily  torsion. For most cases this 
r a t io  is  of the uncoupled frequencies;  for  unusual  configurations  or mass 
distributions, however, the  frequencies  are those of coupled o r  natural 
vibrations . 

c1 Flat-plate  section - An airfoi l   sect ion which has paral le l   top and 
bottom surfaces;  the  leading and t r a i l i ng  edges may be blunt  or rounded. 
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Hexagonal  section - An airfoil  section  having  top and bottom sur- 
faces  that are parallel.  except  near  the  leading and trailing  edges, 
which  are  beveled  to  knife  edges. 

W s s  parameter - The  ratio  of mass of a wing  section of unit  length 
(excluding any external  concentrated  weight) to the mass of a cylinder 
of "air"  (or  other  fluid  flutter  medium)  with  unit  length and specified 
diameter.  The mass parameter  for various wings  is  determined  as  follows: 
(1) for  simple  delta w i n g s ,  it  is  based  on  the  root"or naaxirmrm chord  sec- 
tion; (2) for  tapered  or  nonuniform  wings,  it  is  based on the  section  at 
the  three-quarter-semispan  Station,  which  section  is  normal  to a chosen 
reference  (or  elastic)  axis; and , (3) for mtapered w i n g s ,  it  is  based on 
sections  normal to the  leading  edge. 

Reduced  flutter  speed A/k - The reciprocal of the  reduced  flutter 
f'requency k. Physically,  this  quantity  is a reduced wave length in 
that  it  is  the  number of semichords of air  passing  over  en  airfoil  sec- 
tion for each  radian of oscillation.  The  reduced  flutter  speed  is based 
on root or. .maximum chord for delta w i n g s  and on the  chord at the  three- 
quarter-semispan  station for all  other wings. 

Semispan - Half the  distance f r o m  wing tip  to wing tip  on  rocket 
. and bonib  models,  or the distance from the wing tip  to  the  tunnel wall 

at  which the wing  root  is  supported,  measured n o m 1  to the  airstream 
direction. 

Span - Twice  the semispan. 
Sweep  angle - The  complement of the angle from the  plane of synnnetry 

to a reference  line.  That  reference  line  is  the  leading  edge  for  delta 
and  triangular w i n g s  and  is a chosen  elastic (or reference) axis for 
other  swept wings. 

Taper  ratio - The ratio of the chord at wing tip  to  the  chord  at 
wfng root. 

Thickness  ratio - The  ratio of maximum thickness  to  the  chord  for 
an  airfoil  section in the  stream  direction. 

Triangular wfng - A wing with a taper  ratio  of  zero,  differing *om 
a delta wing in that  the angle of sweep of the  trailing  edge is not zero. 
This w i n g  is  also known as  an  arrowhead w b g .  . .  

. ,. 
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FACILITIES AND TECHNIQUES 

5 

A. Langley 2- by  4-foot  flutter  research  tunnel  (formerly  the Langley 
4.5-foot  flutter  research  tunnel) 

B. Langley  supersonic  flutter  apparatus 

C.  Langley  Transonic Blowdown Tunnel 

D. Bonib technicpe of the NACA (a freely falling bdy with wings attached) 

E. Rocket  technique  of  the MACA (a  rocket-propelled  body  with wings 
attached) 

F. Wright  Air  Development  Center  5-foot  tunnel 

G. Cornell  Aeronautical  Laboratory  by 12 foot  Variable  Density Tunnel 
2 

H. GALCIT 10-foot wind  tunnel 

I. Wing-flow  method on an airplane 

J. Massachusetts  Institute of Technology  Aero-EZastic  and  Structures 
Research  Laboratory 5' X 71' wind  tunnel 2 

K. Massachueetts  Institute of Technology 5' X 71' Wright  Brothers  Tunnel 
2 

Langley Aeronautical  Laboratory, 
National  Advisory  Committee for Aeronautics, 

Langley  Field, Va., October 19, 1953. 
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bending-torsion flutter of models listed in tables I to m. 
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